Page 1 of 1 



VAPOR GROWTH APPARATUS 



Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s): 



JP5047666 ' 
1993-02-26 

MATSUMIYA YASUO; others: 02 
FUJITSU LTD 



Requested Patent: JP5047666 ' 

Application Number: JP19910202082 19910813 

Priority Number(s): 

IPC Classification: H01 L21/205 

EC Classification: 

Equivalents: 



PURPOSE:To alternately perform an ALE and a VPE without exp'osing a substrate with the atmosphere and 
without cooling it to the ambient temperature by harrowing between an inner wall of a reaction tube and the 
substrate on an ALP executing region, extending it on a VPE executing region, and optimizing material gas 
flowing speeds on the regions. 

CONSTITUTION:One reaction tube 1 is defined on an ALF optimized region and a VPE optimized riegion, a 
substrate 8 is moved to the regions by a,susceptor 7, and a compound semiconductor layer of a molecular 
layer and an atomic layer by a crystalline growth of VPE and an ALF is formed. In this case, the flowing 
speed of the material gas in the tube 1 is set to a limit value or more for exhibiting a self-limiting effect on the 
ALE optimized region and to a limit value or less on the VPE optimized region. Thus, a sectional area of the 
tube 1 is reduced on the ALE optimized region and increased dh the VPE optimized region. In this manner, 
the ALE and the VPE are alternately executed. 
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(54) [ft9*Z>«A;] mfflfiKfiSB 



(57) [910] 

*&-r-5v^-5is : Faxtr^+>-(ALE) tun see** 
^xsra^ic«is&-rs{k#mffl^fi(vpE)i:*^iSfeprte 

Mft&] — POE«ffO*±fcALB 
VPE *H£U *©rt»fc*»**JH» 

tfXOMBIK ALE MKMt£&Vvr»-fcA'7U57-.<<' 
>^»*««n*IHff«£Ulca*J:5K.'-3!?. VPE 

COfcfcfc. .£#ff®iflBfft*, ALE glMttfc&feT 
«/hS<, VPE *lt«l*IC*V>T»4*#<-r«. iSSftJ* 
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(2) 

J 

6 bd m-r *>«»t*rr sua* 

Ata*«aBBa;trxi*fijMWlcBALTBRJS 
»1> HRBS nfc«« .kfcKB'f ta-r 
#*&&«te^®*IMM***3tt&&a&ftBB 

sa i ©•wt*ort«ti*«Rt©iii«ia;»snTt> 

«K*ViTmE«S*WES5 1 ©B#£J&2 ©B«£© 10 

n-6tifc*v»TSS«sBfttfi«icjpss*-r5fc»©^iii 

[M*B2] *8iaf51©«*fc*tf*(IHB*«|^J||^ 

■AfcimKJ:^TaaaB&p3o*aB*BG&£ 

«HiS«fc^i;*«BiT*Daoffl|g®2©««lc*W 
*Be*&BB*f;*®&&#fflffiBa^T'?&-5 c £ ft 

4M&-r«it*me«ci>fttiftftttft. 
o»*fcitff LT&wiBjmts.h-?-c$> %zk mm t 

[0 0 0 1] 

a*a»#xfcav»T*B4Ml*xt!?*i'*/wfca3 

■a-«7S:»©gB»cH'r-5. 
[0 0 02] 

[«*©ttB] ¥3W*«©«jfifc*^T, SrU3>* 

a#«*«»tt©B»#XKI©EJSfc:«i:oT, BtM©¥ 

1 vapor deposit ion S&tiVPE: vapor phase epitaxOfl* 
afcflSftW*". ifcfc, S« ©SEKfc 

V^t)i$SJI : PSxtf^*v'(ALE:atoiDic layer epi-tax 

DoiMflawiftenTtts. c©#ttKJ:n«. jtp 

y©¥B#Ha> S&Spna^'Vr n&£fca» 
(HBDfcfctt^-XBO.fcSfcl xi0 20 /cm 3 gK©>S 4? 

aa«©T«a© K-K>**BBttJ:<*aT?**. 

CO 0 0 3] 

[SSM^ftbi^frSSIS] bfcbfcjJSS, ALE 

*V»T, Jt«ttBa©*£fc#a#B©Jia£t;:«VPE£ 
ALE iWBOJSDSFSaaT:* «affi&ftBB#tBB{b S tl 50 



4$M¥5-4 766 6 

TV»fcV>. C©&J&fc, MX.ttALE*£©affi 
AftttV^ &VPB*B©«©a«BftaBEab**.* 

*©a*. a*i/fc*«#a*t*a«*»fc 
anT»asn*aa*«*ofc. *&. ±eaffiaaa 
BM©*isa*B£saa££-JUNu?&a-9-s& 

aiMiWfceftiiijWitt&n-r, ^©±ics^tc^ 

g 1/ fc#3Jfc! t ©If iB©i(S«tt*^-r * KS*«ife o 
fc. ±fE©«fc3fc-tt©»ffijdcfi§SS£, KStt&Utt 
fcn-r I ny*BBK«fc'>aiBi/rfc > **W^^S{4 

[0 0 0 4] *BBtt. lea ?ffl:fi&B& 

ufc, *&, aafc»flir*jBia'btti/KiaBtwBt* 

»tlT«. ^©VPEtLTtt, ALE iH gaM©Bett© 
*a^«ft-&ifefta»*XtL/Tfflt»<&MOVPB(metal or 
ganic VPE)£jgfflT*. 
[0 0 0 5]' 

[aa£#fc-f££a©^s] ±§Eaw«, *&<t* 
a-f *>a»ftd*-r*«witfx)WMiaa*6aDa 
-f ^>a»**rr saw* x ^aaaaaaaff x t 

£££«*K*Al,T&Kfc«^caS;*n£S«±K 

aa-f * >m» k mi * >a#a»s asflMoaaa 
■afcaftsttaaaaaaBTyaoT. ■?■©[*« tutna 
atatoa^aacsntvifta 1 ©Bat-tofcat 
'aa«t©W!8«aa*nTv>&a2oaai*aT*a 

ES«at. BB£Jttr©A8iC*t>TBG*tt£mG 

ai©a«ta2©a«t©Mt»a$-ss^at, a 
mm i fc^tfa 2 ©a*©*n*nfc*»v»TB**«jf 
aa«fcaa-r«fc»o#ai:*aA&citaatr 
**»MKa*««aftaBKJ:-oTaaa*i*. 

[0 0 0 6] 

aa*» & **aa;tfx ta-f *>a#*a*ri-*B»;tf 

X t «K*Bl*J«fc:»EfcB AT « C k \zWfrf-mv>%. 

$r»«*««-r*©-c**. 

[0 0 0 7] ±ffi©<fc3fc-fe;i<7'J$7V >#ttB#& 

nsfcj&tcti, aa^xBactcaaTaaaitsc^ 
s, a«+T?a»auft^Bicaac»a***!it*t 

iHBt^xtsa-r^^ffi^Bjjfiattti, aaoa^aa 
a*»»asn«. ufc*toT, aac*w*a»3tfxo 
ftj&K, roaaatoaaici-aTaaan*. n© 
aaaoasttaacKtta-r*©^, m&&&< vr 
&ftm$:m<?zzk\z&?T, aa#x«»a^«»K« 
aa*aairaic-r«. 

[0008] ^u^Aoaa^xtuThu^^wj 
-7 a (tmg) ©«t 5 aaaaafl:^a*ffl^TiiLBK± o ^ 
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(3) 1$W s F5-4766 6 

3 4 
U>>A8t^(GaAs)Sj«fi$-aS«^^Jtca:Si:, ±IB *[0013] 

KttTMG*»»f LSt<, *&, Mffegrwgurn 6$*SJ§5©iriB£#1-SK£e 1 \t, W&Hifim* 

i>m&±)i>yvs. ; T'(>>fn%<DMmr$>2>. fcmztsiz&sizmmztix^z. s.^i\t, -?-©w ■< 

[ooo9] ;±b©*mi2. n-f *>&ft<nmtfi7> mzm&wimfflfi'^ < zn?tm 1 ©s#(ALE&afc 

J&UTGaAs©*#^M#&J&-fS. ^©AsHstt^fflS itft&tt £>nTV>5. EJfcS 1 ©-#©JS8B 5 

nxb*5o ^©ag£«i»53E-rj:t(cj:ip, 0fs©i lea, mi*>mft*w&?ztc.isbo%im&wk 

[0 0 10] ±83©<fc'5(C > ALE* Bill fT-5«#B© ;*fW7W3=£A(TllA)©/t:7?4, UK* 

f*&«t, g£ii*±€r<-r§©t?a&-5o ttm™vmm%.mw\z£r3TM£m%.t>]mzzti-i:^ 

[0 0 11] -H, M'OVPElCJ&HTtt, Stffi^lC^^S 

iiw*^©ii^&^*^KttikUTii«r*iia [0014] s&<g 1 <nnmzu, rnxwyir 4 y 

tt, ALEIC*3^TS#Sn-58iEjt, T&;b*>, -fe;U7U «GaAsiSSii;fr£j&a£«8rti«gSnTV>S. U-fe^ 

5x^>^**^n2>jp$©«#g&*ci)^. i # 7 a, mziiK&'giomisftizmtEtzwfta&mm 

[0 0 12] #5»ifc*HTtt. ±f2©<fc5t::, ^(CioT^EPA^lpJlCffift-r-SJltlCtoT, MEAL 

©ftMiSffii:©IW£, ALESSIJS-rS^Tti^KSI' E«aft««*3±lW(0VPESji^M«IC^i!|$n^«, & 

U M0VPE**J6-rsM«Tttffi3g-r^^t»Ccfc £, KlWf l©K?B«*J;Wt«)±«F«jBffli:aMR8i 

d. *n^n©fc«fc*tt*«i$fc*a*fcT5. ±e© ©«©!§*«:, ^£fc©zrt<Tfc*>o 

»ssfk*3<tiy:ffi!g«, sjs«©»fBas:Wfa-e-n^tx© [0015] 

ALE KMUHtt MOVPE JHMsMt 

BrSttCcrf) 5.0 50 

El8(cn0 0.5 5.0 

SI*. SS8 &M0VPE«aft««lC»»LTte<. EJfc «8 £JUAM4M*lCfMlrrs&£«£, g«8*<500 

Wl©l*i«*IKffl#aL&©fe, #^3*»6A»Hi*W rfc&**3te1ttj:/*7©ftKMWll/fc©i, As 

Ai/ft**&. u-fe^7t, «*«j:nK'rt]isnTv> h 3 <Dmx*&±?z. 

i&&mm®0t-91Z.Tz\tKfe'Bl<DH.mz!gm2il [0018] #<^T, A':?7 4#SKJfc«lfct;:TMA£ 

feSt^tt^q-rJUCfcoTiD^L, S«8Sr700t;tCffi gAT-So ^©t#©TMA©ffi»S:20SCCMK^U, S 

fif-TS. &*, BU»Hi3R3-fjVSffl^*»&Ctt, iHr l£:irl^©JK^*t20Torrtft5«t5^ma«*iWfiiS-r 

7*7©8»fcfc>bfc, «*HPlS3>f;i.'b»«riBJ:5 -5. HOttlBTMJ, ALEftra*M£*tt«MA©%fttt 

[0016] Asa©J»A*«^a*»6. nf3 2ifif>R Sffifcw^iimiwAijw&ft-fSo 

Jfc© 1 rai'TMG^^ATS. £©£#, TMG*«klXAsH3 40 [0 0 1 9] X»"C, ±f3A'^7 4^6©TMA©*A$ 

©^a*-e-n-eniosccM*j:iX5oosccM(cig3Su, *&• f?jtr* sis«ii*i8B(c^>^3*^©asH3 

Rfcff lft©££#20Torr£ftS£5t£#»»«£alS5 *»Ar*. Eftlcik'D. SS8SBKJiAlAs©-^ 

■r*. c©^TBJKWPB«a<b«*K*»t*TMG©«a 

n e»©s»^x*^*t?^*i,T»s 8 *sica» -r^ttfeic, /t7?2«>5TiiGft*A-r«. £©££ 

r*. ra*)*, novBPKJ:*ii*j«ft*«ffto*x*. £ ©img©sm*2oscciik:«j61/, i aqsa^ot 

©±5fcbT,. WR8±|iffS»lum©GaA««S«SJ« orr£&**3K*«ME*ll»tf *. A 

LE«iMb««C*tJ*TIIG©*atttt12-t;A'7U5?-< 

[0 0 17] JkUT, A^5 23l»6©THG©aiAe»± >^*&±D-5«i»»3, S« 8 MKtt— 
L, #>^-3*>6©AaHi©WA*B«r«W-, ^©ffllcS 50 Ga*^gfS. 
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(4) 



#W¥5-47666 



5 



6 



£0 0 2 1] ±i2A*75 2^S©TMG©3IA£ *«(M0VPES3Hb®«) tiWRWSnTV**.' R«ffllO 

fcAf-S. end Jet), S«8SB(CHGaAs©*^l S««&-r-5&»0*«&«{b-&»©S»^xJE*J;i;AL 
[0 0 2 2] J:iBALElCiaAlAs£GaAs0j£ft£JiOii *&EJS*lltt. ^©ffi^OSggBICl&BtenfcH 

£K8*mMlWMMHbfl*CiMb?S&&fc£. 700 *fff*JECtt. E*ffUftJMl/'TJK»^x»A«13«» 

t:fc#»*n*J:3fc*:/*7©«**««TS. *© Kwsnr^a. 

Oft, fi««lrt«KA^9 2j8»6TIIGft»Af*. ' ifl [ 0 0 2 4] E#£ll©f>3«fcS, HX.a>f57T<( h 

ftWO, £«8±fc, +t7^It LTiSS lOOnaOG j&SjftSHttttOU-fer/^Mat, MMftHMMMlSCJ: 

aAsl»SJdEftait*. -3.*CflM9«nTV»«. •y-fe^l4tCtt, M*tfGaAatti 

[0 0 2 3] m2U*%W&, VitoU>*?A=-aiO« *6j«*atRl7«l, JMS12K#ft-r*J:5fcUTHSa 

ffififcfig*. fc<fcAB*5?i?;hftS»fcTa«&&« tlTlr**. U-fe^l4tt, #ft«t*15£, #ft*JfcHHE 
AfiSBlrSH bfc«^©^4*f«S;W»rffi0Tfe fc«fc oTfcBAi . Ai £N£WHr?* C t \Z i-sT, 

*. #!AH3M5^SJ*an«tt©E*«lltt. *© ^-n^n, lWmE§Ste«i&fcJ:tMOVPE&gftS«IC 

>f<>«j9»»ii[*fii*ifii<j:5fc««anTv»s. #»£fts. Kjt^©tfjni*J:cHM>AM 

lift, -t©*^(*ir^aa»rffi*t/h3 < ^nit% 1 ©£ £&Ki7&©m©IEmtt, f!*H5fc©rt<T?**. 

ttCALEABMHK) t, j(riffl««»**'< atlfc^ 2 ©£ * [0 0 2 5] 

ALE HKtfRK MOVPE «Hb«K 



*f. H2(b)fc^f«t5fc, i«17£M0VPEgaft;®« . *. HOtt&Tti. ■'»«17«IBKTIIA»^*«*»*©« 

fc£»LT*<. »Mfll©rt«*Xffii»«U&©"6, ■■TfW6. Tfcfcft, Jr©£#©TMA©«£jtttt&fB 

ViSffittJnasSCt-^SfcttS^miW^aSlCtSBS [0 0 2 9] JfcHTP, «SBl2avs©TMA©a5A*fPihT 

tlfcSI^JP^a'fJUcioTaiSBlL, *«17S:700 < CtC Sifcfefc, ««12&»DTEJfc«ll[>3«fc:AsHt £3IA 

5fcL-T*>J:^£iJ«3*-C"ba:V>. [0 0 3 0] 3fcV>T. AsHa ©©j»ASf?ifc"T* t £*> 

[002 6] kibamxtmrtsifit,, mnwmnTM \z> mmttfrsmcsmAT*. ;r©t£©™G©»£S£ 

A«13«ai;TS*»llrt«fcTiGft»A-r-5. C©t 20SCOIICRXU RiS«lrt©£E**ilOTorrt«:*«fc5 

£(CTMG:fc«fctfAsH3©^fi£^ft^n20SCCM£.i:tf500SC K:#>MfiSE£Sltt"f -5. ^©tKffiTfi, ALEgjfrfcmtft 

CMfcRjgb, 3*®Mfnrt©^jWbTorrfc£*«k3 fc*»t*«A©itatSil>B'fe*7U 5f-f>^*^ 

fc»aa«*wasi-s. i©tt«Ttt, MovpE*jifl2« czmtttv, as8^mfctt*K?jB©Ga*t^gt 

«fcfc(t-&TMG©SS3itt«fE-fe^7U5'7 1 ^>^** «. 

£C*KMtM&r, £tt£K&#X#^ffi*TS?*##L [0 0 3 1] ■ JfcHif, TMG©3JA£#ikU SS«12*>6 
TaS«17«Bfci*lW*. "ffcfcft, MOVEPtJ:*IS» 1 WS&lCAsfc SSAf*. cniCiD, gffil7* 

«ft*«ffton«. HWi'SJCbT, »«17±iCj|l$500n 40 ffi ft tt*$H^li ©GaAs ***** -5 . ±EALEfc±*AlAs 

m©GaAsi|ga*)*SSlt-5. £GaAs©*g£l*9SbTfToTffiS©J?3©£3-«& 

[0 0 2 7] *l»-C, JS«^X«Affl3*^©TMG©iS TJi*»*f*. *©©"6, 0 2 (b) asf «fc 3 fc, X 

A£f?ikU AsHs©3!*A£lSI$$tt, COHUC. 0 2 «17SrHCAC0VPEgaft««fc»»TSta: , t>lC, 700 < C 

(a){c^-r±5tc *si7]£ALEgafl:««jc«ts!rr-5t K:fin»sn*±5i£"t^i4©aiflE«p»-r*. *l 

tfcfc, arai7#5OOT;'fcfc*J;3K:iMr:/*140a* T, *«12#6©AsHi©*A*ffjl: , r4£fc , bK, HCft 

£H@SLfc©£, ■W»X*Affl3*>6©A8Bi©<IA* *X«A#13*6K*»llW«K:TM&b«tr;AsaeWA 

[0 0 2 8] Jfc^T. <Ml2*£KJttr 1 (*Jt~TMA£ij* l(Xtai©GaAstSA«Afid«-&. 

AfS. t©t*©«A©*«*20SCCIIfc»JfeU-K* [0 0 3 2] ±E*»«ilC*V»TI4, GaAs*»6^S36« 
fFllrt©fl£*.j8«10Torr tft* J: 5 tC»MSSS:ilgi5-r 50 ±^GaAs«Sa*<i;^GaAs<tAlAs^^^-5^ie^^ 



KBftKcia 2 ) 
Km (cm) 



50 
1 



530 
10 
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7 

ft^»**#ft*fiS#a«^. 21*16 K»r«©**ffl 
*»«©]!«*» 6 JMxtf, m*^£tt£(*®Xltt# 

X £ ffl V> £ j£ (VPE $ fc «CVD) § ALE fc b T 

[0 0 3 3] 

*fgBj[cj;*i«, tern cm 

■T^fifc, *fc. *»K?HW*i8ait)ftbCALBtVPB 



(5) .4IHT5.-4 7 66 6. 

Emottibunn] 

[0 1 ] *89i©?fS 1 ©£|J&«9JBI 



1. 


1 1 KJfc« 


2, 




3 




10 5,. 


1 2 


6 




7, 


1 4 V%-/9 


8, 


1 7 £« 


9, 


1 5 ®mmm 


1 3 





(6) 



4#B8¥5-4 7 6 6 6 



[HI] 
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